A galactose-specific lectin from the seeds of bitter gourd (Momordica charantia) is a four-chain type II ribosome-inactivating protein (RIP) resulting from covalent association through a disulfide bridge between two identical copies of a two-chain unit. The available structural information on such four-chain RIPs is meagre. The bitter gourd lectin was therefore crystallized for structural investigation and the crystals have been characterized. It is anticipated that the structure of the orthorhombic crystals will be analysed using molecular replacement by taking advantage of its sequence, and presumably structural, homology to normal two-chain type II RIPs.
Introduction
Lectins are a group of proteins that recognize and bind to carbohydrates without modifying them; they specifically recognize diverse sugar structures (Vijayan & Chandra, 1999; Loris, 2002; Sharon, 2007) and mediate a variety of biological processes, including antifungal (Ngai & Ng, 2007) , antiproliferative (Zhang et al., 2009 ) and mitogenic (Wong et al., 2006) activites. They are found in all forms of life and display a variety of folds and quaternary structures (Chandra et al., 2006; Sinha et al., 2007) . Those from plants have been the most extensively studied and can be structurally classified into six distinct groups. One of them involves the -trefoil fold (3D Lectin Database; http://www.cermav.cnrs.fr/lectines).
Type II ribosome-inactivating proteins (RIPs) inhibit translation in eukaryotes by irreversibly inactivating the 28S rRNA and preventing the binding of elongation factor II to the ribosome (Olsnes & Pihl, 1973; Olsnes & Kozlov, 2001; Nielsen & Boston, 2001; Stripe, 2004) . The molecules of these proteins are made up of a catalytic chain (chain A) which has rRNA N-glycosidase activity and a lectin chain (chain B) containing two -trefoil domains. The lectin chain facilitates the internalization of the catalytic chain on binding to the cell surface (Hartley et al., 1996) . The chains, both of which have a molecular weight of approximately 30 kDa, are connected by a disulfide bridge. The two-chain type II RIPs of known crystal structure from plants are ricin (Rutenber et al., 1991) , abrin (Tahirov et al., 1995) , European mistletoe lectin (Eu-ML; Sweeney et al., 1998; Niwa et al., 2003; Jimé nez et al., 2005) , ebulin (Pascal et al., 2001) , Himalayan mistletoe lectin (Hm-RIP; Mishra et al., 2004) , Abrus precatorius agglutinin (APA; Bagaria et al., 2006) and cinnamomin (Azzi et al., 2009) . Of these, Eu-ML and APA can form dimers through the noncovalent association of two typical two-chain type II RIP molecules. In Ricinus communis agglutinin (RCA), dimeric association takes place through a disulfide bridge (Sweeney et al., 1997; Hegde & Podder, 1998; Sharma et al., 1998) . The only structural information available for such covalently linked four-chain type II RIPs is from the X-ray analysis of RCA at 2.63 Å resolution (PDB code 1rzo; A. G. Gabdoulkhakov, Y. Savochkina, N. Konareva, R. Krauspenhaar, S. Stoeva, S. V. Nikonov, W. Voelter, C. Betzel & A. M. Mikhailov, unpublished work). Therefore, the structure analysis of a lectin of this type from bitter gourd (Momordica charantia) was initiated. The isolation, purification and physiochemical studies of the lectin have been reported previously Das et al., 1981; Khan et al., 1981; Sultan & Swamy, 2003 Toyama et al., 2008; Tanaka et al., 2009; Kavitha et al., 2010) . The lectin is galactose-specific and is glycosylated and has a molecular weight of $120 kDa. The sequence of the lectin is already known (BAH05018; Tanaka et al., 2009) . As in RCA, the two lectin chains in bitter gourd lectin (M. charantia lectin; MCL) have identical sequences and the same is true of the two catalytic chains. The lectin chains of RCA and bitter gourd lectin share a sequence identity of 27%, while the sequence identity between the catalytic chains is 39%. The sequence identity of the lectin chains to other type II RIPs of known structure varies between 26 and 35%. The corresponding range for the catalytic chain is 36-47%.
Materials and methods

Protein purification and preliminary studies
Dried ripe bitter gourd (M. charantia) seeds were procured from a local supplier. The seeds were ground to a fine powder using a mixer and were defatted by continuous stirring with petroleum ether for 10 h. The slurry was air-dried and dissolved in phosphate-buffered saline (PBS; 20 mM anhydrous Na 2 HPO 4 , 4 mM NaH 2 PO 4 Á2H 2 O, 150 mM NaCl pH 7.5) and stirred for 10 h at 277 K; the slurry was then passed through double-layered muslin cloth and the filtrate was centrifuged at $9000g and 277 K for 20 min. The proteins in the supernatant were precipitated by 80% saturated ammonium sulfate, which was followed by centrifugation at $9000g and 277 K for 30 min. The pellet was redissolved in PBS and dialyzed against the same at 277 K for 10 h. Dialyzed samples were further centrifuged at $9000g and 277 K for 30 min. The supernatant was applied onto a galactosyl Sepharose 4B column previously equilibrated with PBS. After loading, the column was extensively washed with PBS until the absorbance of the flowthrough at 280 nm was below 0.01. The bound proteins were eluted using 0.4 M galactose dissolved in the same buffer. Fractions showing a positive absorbance at 280 nm were pooled together and concentrated using a Centricon with a 10 kDa cutoff at 277 K. The protein was analyzed using 12% SDS-PAGE. The concentrated protein was extensively dialyzed against Tris-HCl buffer (20 mM Tris-HCl, 20 mM NaCl pH 7.5) and was used for further studies including crystallization.
To test for haemagglutination activity, the purified protein was incubated for 1 h with varying concentrations of different sugars (0.2-50 mM) and then mixed with 50 ml native rabbit erythrocytes. The sugars used were -lactose, d-galactose, d-glucose, d-mannose and sucrose. Mannose-specific banana lectin was used as a positive control, while PBS was used as a negative control.
Circular-dichroism (CD) spectra were recorded at 298 K on a Jasco J-715 spectropolarimeter. Spectra were recorded at a scan speed of 20 nm min À1 with a response time of 4 s and a slit width of 1.5 nm. A cylindrical quartz cell of 1 mm path length was used. The spectrum used was the mean of three successive scans. Buffer scans recorded under the same conditions were subtracted from the protein spectra.
Protein crystallization
An 8 mg ml À1 lectin solution was used for crystallization trials. Initial crystallization conditions were explored with Crystal Screens and Crystal Screen 2 from Hampton Research using the microbatch Table 1 Unit-cell parameters and X-ray data-collection statistics.
Values in parentheses are for the last resolution shell. crystallization method. Typically, for each condition, 1 ml protein solution was mixed with an equal volume of precipitant solution in 96-well microbatch plates containing paraffin oil and silicone oil in equal proportions. Positive conditions obtained were further optimized using both the hanging-drop and the microbatch crystallization methods. Rectangular rod-shaped crystals were obtained using the microbatch crystallization method with 20%(w/v) polyethylene glycol 10 000 as the precipitant and 0.1 M HEPES pH 7.5 as the buffer.
Data collection, processing and preliminary X-ray analysis
Cryoprotection of the crystals prior to data collection was achieved by soaking individual crystals for $1 min in crystallization solution containing 25%(v/v) glycerol. The diffraction data were collected at 100 K. The data were processed using MOSFLM (Leslie, 1992) and scaled using SCALA from the CCP4 program suite (Collaborative Computational Project, Number 4, 1994) . The crystal parameters and data-processing statistics are summarized in Table 1 .
Results and discussion
In the presence of 10 mM -mercaptoethanol (-Me) three closely spaced bands of $35 kDa were observed on 12% SDS-PAGE, while in the absence of -Me a single band of $120 kDa was observed (Fig. 1) . The matrix-assisted laser desorption/ionization-time-offlight (MALDI-TOF) mass spectrum of the protein showed a prominent peak at 127 kDa and a less prominent peak at 64 kDa. The CD spectrum, as for other type II RIPs and as also reported by Kavitha et al. (2010) in the case of bitter gourd lectin, indicated that the structure contains helices as well as sheets. The haemagglutination inhibition test with various sugars confirmed that the protein has affinity towards lactose as well as galactose, which is in agreement with previous studies . Agglutination did not take place until the sugar concentration was increased to 12.5 mM (Fig. 2) . Glucose, mannose and sucrose did not inhibit agglutination. Since glucose did not inhibit the agglutination, it can be presumed 
Figure 4
Sequence alignment of (a) chain A and (b) chain B of type II RIPs of known structure together with that of bitter gourd lectin. The alignment was performed using ClustalW (Larkin et al., 2007) . that the protein interacts with lactose via the galactose end. Crystals of the protein initially appeared after 3 d and grew to maximum dimensions in about one month (Fig. 3) . The crystals were orthorhombic and diffracted to a resolution of 2.36 Å at the home source (Table 1) . The Matthews coefficient (3.96 Å 3 Da À1 ) indicates the possibility of half of a twofold-symmetric molecule, with a molecular weight of $60 000, in the asymmetric unit, with a solvent content of $64% (Matthews, 1968) . In terms of amino-acid sequence (Fig. 4) , the lectin is closest to ebulin among type II RIPs of known structure, with sequence identities of 35 and 47% for the lectin and catalytic chains, respectively. Therefore, the ebulin molecule is the obvious choice as a search model for the structure solution of bitter gourd lectin using molecular replacement.
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